Nerve growth factor stimulates coupling of beta1 integrin to distinct transport mechanisms in the filopodia of growth cones.
The cycling of membrane receptors for substrate-bound proteins via their interaction with the actin cytoskeleton at the leading edge of growth cones and other motile cells is important for neurite outgrowth and cell migration. Receptor delivered to the leading edge binds to its ligand, which induces coupling of the receptor to a rearward flowing network of actin filaments. This coupling is thought to facilitate advance. We show here that a soluble growth factor stimulates this cycling. We have used single particle tracking to monitor the effects of nerve growth factor (NGF) on the movements of beta1 integrin in the plane of the plasma membrane of the filopodia of growth cones. Beta1 integrin was visualized by its binding of 0.2 microm beads coated with a monoclonal Ab directed against an extracellular epitope distant from the binding site for extracellular matrix ligands. The beads were observed by video microscopy. Beads coated with a low concentration of antibody, and therefore bound to unliganded receptor with little cross-linking, showed an increase in both diffusion and directed forward transport in response to NGF. Transport had a net velocity of 37 microm/minute and was characterized by brief periods of sustained forward excursions with a velocity of 75-150 microm/minute. There was a 2-fold increase in the number of beads accumulated at the tips of filopodia after 10 minutes, indicating that NGF enhanced the delivery of beta1 integrin to the periphery. Forward transport was dependent on an intact actin cytoskeleton and myosin ATPase, since treatment with cytochalasin D or the myosin ATPase inhibitor butanedione monoxime inhibited the transport but not the diffusion of receptors. NGF also greatly increased the steady rearward migration of beads coated with a high density of (&bgr;)1 integrin antibody, indicating that coupling of cross-linked receptor to the retrograde flow of actin is also enhanced. The rate of the retrograde flow of actin was unaffected by NGF. These studies show that a soluble factor can stimulate the coupling of a receptor for substrate-bound factor to two actomyosin-based transport mechanisms and thus facilitate the response of the growth cone to the substrate-bound factor by increasing cycling of the receptor at the periphery.